Quercetin and its glycoside, rutin, are flavonoids, which are well known as natural antioxidants. In this study, cationic liposomes loaded with flavonoids (quercetin or rutin) were investigated for their effects on cell and skin permeability, and protective effects against UVA. The particle size of the empty cationic liposomes was in the range of 100∼130 nm, and the zeta potential was + 33.05 mV. The entrapment efficiency of 0.5R/CL was higher than that of 0.5 Q/CL. The cellular uptake of the cationic liposomes was five-fold higher than that of liposomes. The skin permeability of quercetin and rutin was investigated using Franz diffusion cells. Compared to the initial loading dose, the amount of quercetin or rutin delivered to the skin by cationic liposomes was higher than that delivered by conventional liposomes or phosphate-buffered saline. From the protective effect of cationic liposomes against UVA (25 J/cm 2 ), we found that the cell viability in cationic liposomes containing flavonoids was higher than that of using UVA irradiation only. These results indicate that cationic liposomes provide enhanced delivery of flavonoids (quercetin and rutin) into the skin and may be used for antiaging and antioxidant cosmetics.
Introduction 1)
Skin aging occurs via two processes : intrinsic aging, in which the skin ages in the same way as other internal organs in the body, and extrinsic aging, which is caused by various environmental stressors. A series of deleterious biochemical reactions occur within the skin if it is exposed to excess UV radiation : this process is referred to as photoaging. UV is divided into three classes as determined by wavelength : UVA (320∼400 nm), UVB (280∼320 nm), and UVC (200∼280 nm). Although UVC comprises the most energetic wavelengths of UV light, it is mostly absorbed by the ozone layer. Therefore, the classes of UV light that are able to influence the skin are UVB and UVA. PC : L-α-Phosphatidylcholine from egg yolk (egg PC, ~ 60%), Chol : Cholesterol, DOTAP : 1,2-Dioleoyl-3-trimethylammonium-propane Table 1 .
Particle Size, Zeta Potential and Cell Viability of Liposome according to Mole Ratio of Lipids (PC, Chol, DOTAP)
Skin is composed of epidermis, dermis, and subcutaneous tissue. UVB affects the epidermis, where it destroys DNA in the stratum corneum. In contrast, UVA can penetrate into the dermal layer of the skin, where it generates reactive oxygen species (ROS) [1] [2] . ROS cause oxidative damage to nucleic acids, cellular proteins, and lipids and induce the synthesis of a series of matrix metalloproteinases that cause collagen degradation, which results in the formation of wrinkles [3] [4] . To protect the skin against ROS, antioxidant barrier systems consist of enzymatic antioxidants (i.e., catalase and glutathione) and nonenzymatic antioxidants (i.e., vitamin E, vitamin C, and flavonoids) in the skin [5] [6] [7] . However, when there is an excessive production of ROS, these natural antioxidant defenses are degraded. Therefore, the homeostasis of antioxidant defenses must be maintained by supplying antioxidants to the skin.
In the epidermis, the stratum corneum plays important roles in protecting the body from harmful elements in the environment and maintaining hydration, but it can also prevent the absorption of active components [8] [9] . Thus, to overcome this barrier and effectively deliver active components beyond it, various drug delivery systems have been studied [10] [11] [12] [13] .
Cationic liposomes made of positively charged lipids are increasingly being researched for use in gene therapy, due to their favorable interactions with negatively charged nucleic acids, plasmids, mRNA, and proteins via electrostatic attraction [14] . 1,2-Dioleoyl-3 trimethylammonium-propane (DOTAP) is the most widely used cationic lipid for in vitro and in vivo applications. Thus, we used DOTAP together with phosphatidyl choline (PC) and cholesterol (Chol) at various molar ratios to prepare the cationic liposomes used in this study [15] .
Quercetin and its glycoside, rutin are typical flavonoids that are reported to act as strong antioxidants. These flavonoids, have been widely used as anti-oxidants in cosmetics, but their use is limited because it makes its formulation difficult and have poorly water solubility.
In this study, the cationic liposomes containing quercetin or rutin were prepared and the physical characteristics compared with conventional liposomes. And the cationic liposomes containing flavonoids were investigated for protective ingredient against UVA, in HaCaT cells and skin permeability to investigate whether cationic liposomes containing flavonoids could be an efficient drug delivery system.
Materials and Methods

Materials
DOTAP was purchased from Avanti Polar Lipids Inc. (Alabaster, USA). L-α-Phosphatidylcholine from egg yolk (egg PC : ∼60%), Chol (≥ 99.0%), quercetin, rutin, paraformaldehyde, phosphotungstic acid (PTA), fluorescein isothiocyanate (FITC), rhodamine B, 4ʹ,6-diamidino-2-phenylindole (DAPI), and polyvinyl alcohol mounting were purchased from Sigma (USA). Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS), and penicillin-streptomycin were purchased from PAA Co. (Pasching, Austria). Solvents used such as Na2H2PO4⋅2H2O, Na2HPO4⋅12H2O, 1,3-butyleneglycol, ethanol, chloroform, and dimethyl sulfoxide (DMSO) were extra pure grade.
Cationic liposomes
Preparation of cationic liposomes
Cationic liposomes were prepared by the thin-film hydration method. Egg PC, DOTAP, Chol, quercetin and rutin were used in various molar ratios ( Table 1 ). All components were dissolved in 10 mL chloroform. The solvent in the tube was subsequently removed using a rotary evaporator (Buchi, Switzerland). The film was hydrated with 10 mL phosphate-buffered saline (PBS; pH 7.4). Then, the vesicle suspension was homogenized using a digital probe sonicator (Branson, USA) for 15 min to produce a homogenous mixture and pass through a 1.20 µm filter (Minisart CA 26 mm).
Cell viability
Cell viability was assessed using the MTT assay. HaCaT cells were cultured using DMEM medium supplemented with glutamine (2 mM), penicillin (400 U/mL), streptomycin (50 mg/mL), and 10% FBS for 24 h in 96-well plates (37 ℃, 5% CO2). Liposomes were diluted 10-fold with serum-free medium and then incubated with HaCaT cells for 1 h.
MTT solution (2 µg/mL) was added to the cells, which were then incubated for 3 h (37 ℃, 5% CO2). The formazan crystals produced were dissolved in DMSO and quantified by measuring their optical density at 570 nm using an ELISA reader. Non-treated cells were used as the negative control, and the cell viability was calculated using the following equation :
Cell viablility   A con tr ol A ex per i m en t × 
2.2.3. Particle size and zeta potential Particle size and distribution in the liposome solution was assessed 70 times with 3 repeated measurements using a particle size analyzer (Otsuka ELS-Z2, Otsuka Electronics, Japan) at 25 ℃ with a scattering angle of 165° using an argon laser. The average particle size was determined by cumulative analysis, and the distribution was resolved using the Contin method.
Zeta potential was measured at 25 ℃ with a scattering angle of 165°
using an argon laser. The measurement was repeated three times and was resolved using the Smoluchowski method.
Transmission electron microscopy
Each liposome was negatively stained using 4% PTA (pH 7.4). The ratio of liposome and PTA was 1 : 1. 20 µL of the sample was applied to a grid (200 mesh). Liposomes that passed through the grid were removed using filter paper. The prepared sample was observed by using transmission electron microscopy (TEM, JEM1010, Japan).
Flow cytometry
HaCaT cells were cultured in 6-well plates for 24 h (37 ℃, 5% CO2). 0.03% FITC was loaded in each liposome and dissolved in PBS. Prepared samples were diluted 10-fold with serum-free medium and then incubated with the cells for 1 h. After that, cells were washed with PBS twice and then treated with 0.25% trypsin to harvest the cells. The resulting cell suspension was centrifuged at 3000 rpm. The cell pellet was resuspended in 0.1% BSA and then fixed with paraformaldehyde (4%, PBS) at 4 ℃. Fluorescence analysis to identify cellular uptake was performed with a FACS AriaIII (BD Biosciences, USA). FITC uptake was determined using excitation at 488 nm using an argon laser (emission wavelength = 520 nm).
Cell imaging system
HaCaT cells were cultured on cover glass in 6-well plates for 24 h (37 ℃, 5% CO2). 0.03% FITC was loaded in each liposome and dissolved in PBS. Prepared samples were diluted 10-fold with serum-free medium and then incubated with the cells for 1 h. After that, the cells were washed with PBS twice and then treated with 10 µg/mL DAPI for 20 min at room temperature to stain the nuclei. The cells were then treated with mounting solution (BioMeda) and fixed on the slide glass. Fluorescence analysis to identify cellular uptake was performed with a DeltaVision system (Applied Precision). FITC uptake in cells was measured via excitation at 488 nm using an argon laser (emission wavelength = 520 nm). DAPI was excited at 408 nm using an argon laser (emission wavelength = 460 nm).
Confocal laser scanning microscopy
Confocal laser scanning microscopy (CLSM) was used to investigate the delivery to the skin by cationic liposome. Each sample was prepared using 0.03% FITC. Full-thickness skin was removed from the dorsal side of an ICR hairy albino mouse (eight weeks, female). The bristles and subcutaneous fat were carefully removed from the skin. Diffusion studies were carried out as described below (12 h). The skin surface was washed with PBS and the diffusion area was punched out. The diffusion area was then incorporated into an OCT compound and frozen at -70 ℃. The frozen skin was then sectioned with a cryostat into 10 µm slices. These tissues were fixed onto slide glasses and incubated with 10 µg/mL DAPI for 20 min at room temperature to stain the nuclei. To improve the adhesion between the tissues and cover glass, a polyvinyl alcohol-mounting medium with DABCO (Sigma) was applied. The degree of penetration by FITC was assessed by CLSM. FITC was excited with the 520 nm line from an argon laser.
To distinguish dermis and epidermis, DAPI-stained cell nuclei were excited at 405 nm using an argon laser (emission wavelength = 460 nm).
Cationic liposomes loaded with quercetin or rutin.
Entrapment efficiency of quercetin or rutin in cationic liposomes
Unloaded quercetin or rutin was removed from 1 mL of a cationic liposome solution using a 1.20 µm filter. The filtered liposome solution was then degraded with 15 mL ethanol. The ethanol was evaporated in a rotary evaporator, and then the quercetin or rutin was redissolved in 1 mL ethanol. The concentration of quercetin or rutin was determined using HPLC (Shimazu, Japan) at 370 nm and 355 nm, respectively, and equation (2) was used to calculate the entrapment efficiency :
Ce : the concentration of encapsulated drug (encapsulated concentration, µM), Ci : the initial concentration of the drug (initial concentration, µM).
Determination of the stability of cationic liposomes
The stability of cationic liposomes loaded with quercetin or rutin was evaluated by measuring the change of average particle size and zeta potential for three weeks. All prepared cationic liposomes were observed by naked eye on precipitation.
In vitro skin permeation study
The in vitro skin permeation study for cationic liposomes loaded with quercetin or rutin was carried out using 9-mm Franz diffusion cells (receptor volume 5 mL). Full-thickness skin was removed from the dorsal side of an ICR albino mouse (eight weeks, female). The bristles and subcutaneous fat were carefully removed from the skin. The skin was fixed between the donor and the receptor phase with the stratum corneum side facing the donor compartment. The receptor phase was prepared using a ratio of HCO-60 : ethanol : PBS = 2 : 20 : 78 (w/w/w %). After adding 5 mL of the receptor phase into the receptor chamber, the receptor phase was continuously stirred using a V6A Stirrer (Permegear, USA) at 150 rpm for 24 h. The temperature was maintained at 37 ℃. Samples (0.2 mL) were applied to the skin in the donor compartment. Receptor solution samples were withdrawn through the sampling port of the receptor compartment at 4, 8, 12 , and 24 h. The receptor phase was immediately replenished with an equal volume of fresh receptor phase. The withdrawn sample was analyzed by HPLC.
The amount of quercetin or rutin retained in skin was determined at the end of the in vitro permeation experiment (24 h). The skin surface was washed three times with PBS to remove residual donor sample. The stratum corneum was removed by the stripping method using Scotch tape (3M, Korea). The quercetin or rutin present in each skin sample was extracted in 10 mL ethanol using a sonicator. The concentration of quercetin or rutin was determined by HPLC [16] [17] 
were washed with PBS twice and then covered with PBS prior to UVA exposure. For irradiation, a CL-1000UVA Crosslinker (USA) was used, and cells were irradiated at 25 J/cm 2 . The cells were then kept in the dark in an incubator (37 ℃, 5% CO2) for 24 h, and the cell viability was calculated using the MTT assay and the following formula :
Cell viablility   A con tr ol A ex per i m en t ×  (3)
Statistical analysis
Experiments were carried out in triplicate and Paired t-test was used to assess the differences.
Results and Discussion
Cationic liposome
Cell viability
We prepared cationic liposomes by varying the molar ratio of PC, Chol and DOTAP to find the condition which not showed cytotoxicity (Table 1 ). The standard of cytotoxicity was above 80% of cell viability. As a result, when the content of total lipid or DOTAP increase the cell viability decreased. When the content of DOTAP increase, the zeta potential of cationic liposomes increased and influenced in cell viability. A high zeta potential caused cytotoxicity in various cell types was reported [18] . Thus, we reduced the total content of lipids in general liposomes and then prepared cationic liposomes by increasing the content of DOTAP. Therefore, we investigated that optimal ratio of PC : Chol was 10 mM : 2 mM and the content of DOTAP not showed cytotoxicity until 3 mM.
Particle size and zeta potential
When the ratio of PC : Chol : DOTAP are various, the particle size and zeta potential were compared (Table 1) . When the content of DOTAP increased, the particle size and zeta potential of cationic liposomes increased. The average particle size of prepared liposomes was 110.89 nm and shown the monodisperse. Moreover, each zeta potential of cationic liposome (PC : Chol : DOTAP = 10 : 2 : 3) and conventional liposome (PC : Chol = 10 : 2 ) were 33.05 ± 0.43 mV and -14.72 ± 0.12 mV, respectively. The maximam difference between them was 47 mV.
Flow cytometry (FACS)
We used flow cytometry to compare the intracellular uptake of cationic liposomes prepared with different amounts of cationic lipids. The experiment was processed by using the same amount of poorly water-soluble fluorescent material. As a result, when the content of DOTAP increased, the amount of intracellular uptake increased. These results indicate that the optimal formulation of cationic liposomes was PC : Chol : DOTAP = 10 : 2 : 3 (data not shown). In addition, the amount of cellular uptake of cationic liposomes was 5.03-fold higher than that of conventional liposomes or PBS (Figure 1 ). These result has been widely considered that as the cell membrane is negatively charged, the electrostatic attraction between cationic liposomes and the cell membrane facilitates uptake.
Cell imaging system
We used a cell imaging system to confirm the location of fluorescent material in HaCaT cells (Figure 2) . We found that when cationic liposome was treated on cell, the intensity of fluorescence around the cells was high. In addition, the fluorescence was localized around the nuclei. These results indicated the intracellular uptake of the fluorescent material and accorded with previous results from flow cytometry.
Transmission electron microscopy (TEM)
We used TEM to compare the morphology of liposome and cationic liposome (Figure 3) . The particle size of each liposome showed 100 nm according to results of particle size. The morphology of liposome was a mono-layer and it of cationic liposome was multi-layer. osomes and conventional liposomes, we used the poorly water-soluble fluorescent material, FITC. The same amount of FITC was loaded into each liposome or dissolved in PBS. After a Franz diffusion cell experiment was conducted for 12 h, the skins were sliced by freezing microtome and observed under CLSM. In all cases, we observed that FITC had been delivered into the skin (Figure 4 ). In the case of PBS, FITC was only found in the stratum corneum. In contrast, conventional liposomes penetrated to the middle of the epidermis, and cationic liposomes penetrated to what looks like the basal layer of the epidermis. The surface potential of cationic liposomes provides affinity with the skin surface and is the likely reason for the enhanced skin permeation. As a result, the delivery of FITC to the skin was increased by cationic liposomes as compared to conventional liposomes or PBS [19] .
Cationic liposome loaded with quercetin or rutin
3.2.1. Particle size and zeta potential Quercetin or rutin (1 mM and 0.5 mM, respectively) were loaded into liposomes (Table 2 ). We observed that 1 mM quercetin slightly increased the mean particle size (148.15 nm) over that of the empty liposomes. In contrast, 1 mM rutin increased the particle size by more than 100 nm. However, when the concentration of quercetin or rutin was 0.5 mM, there was no change in particle size (80∼130 nm). Zeta potential was not influenced by the amount of quercetin or rutin.
Entrapment efficiency
The mean entrapment efficiency of each liposome loaded with 1 mM of either quercetin or rutin was 65.44%. For 0.5 mM quercetin or rutin, the entrapment efficiencies of each liposomes and were similar. In addition, the entrapment efficiency of rutin was 12% higher than that of quercetin (Table 2) .
Cell viability
The liposome and cationic liposome loaded with 1 mM quercetin showed the cytotoxicity ( Figure 5 ). As the liposomes were diluted with serum-free medium prior to application, the final concentration of quercetin was 0.1 mM. We obtained the same results when we evaluated the cytotoxicity of quercetin at 0.1 mM (data not shown). Therefore, the amount of quercetin or rutin was fixed at 0.5 mM.
Franz diffusion cell
Each liposome was loaded with 0.5 mM quercetin or rutin and same dose of it dissolved in PB was used for the control groups. After 24 h, All groups showed a time-dependent increase ( Figure 6 ). Among them, cationic liposome (26.73%) that had penetrated the skin (Transdermal) was higher than liposome (19.33%) and PB as compared to the initial loading dose of quercetin (55.01 µg/cm 2 ). Figure 7 shows the dose of quercetin deposited in skin. The amount of quercetin deposited in the stratum corneum (Tape) was as follows: In conclusion, cationic liposomes provide enhanced delivery of quercetin and rutin to the skin as compared to conventional liposomes. This may be due to the tendency of cationic liposomes to interact more strongly with the skin surface.
Cellular protective effect againt UVA
UVA is the main factor that induces the generation of ROS in skin. Therefore, we evaluated the protective effect of antioxidant-loaded cationic liposomes against UVA in HaCaT cells.
First, we investigated the effect of increasing amounts of UVA irradiation (5, 10, 15, 20, 25 J/cm 2 ) on cell viability. The cell viability at 15 J/cm 2 of UVA was 82.06%, and the cell viability decreased with an increase in the UVA irradiation (data not shown). Therefore, we used 25 J/cm 2 of UVA (cell viability : 64.27%). Quercetin and rutin have poorly water solubility. So they were dissolved in DMSO for using as control group. As a results, We found that quercetin provided a high degree of protection against UVA. Because the cell viability in all groups that used quercetin was higher than that of the non-treated group (64.27%). That quercetin have a cell protective effect than rutin was reported [20] . The cell viabilities of quercetin groups were as follows: cationic liposomes loaded with quercetin (81.37%) > quercetin in DMSO (76.53%) > conventional liposomes loaded with quercetin (74.36%). A similar result was found for rutin: cationic liposomes loaded with rutin (69.43%) > rutin in DMSO (58.30%) > conventional liposomes loaded with rutin (51.60%) (Figure 8 ). In conclusion, cationic liposomes, which were shown to have a high level of intracellular uptake, also provided the highest degree of protection against UVA [21] .
Conclusion
Quercetin and its glycoside, rutin, are flavonoids that are natural antioxidants. In this study, cationic liposomes loaded with flavonoids (quercetin or rutin) were prepared to evaluate the skin permeability and cellular protection ability for using delivery system. When 0.5 mM quercetin (0.5 Q/CL) or 0.5 mM rutin (0.5 R/CL) loaded in cationic liposomes, the mean particle size was 122.23 nm and zeta potential was + 37.45 mV. Also, cationic liposomes prepared showed a stable condition during three week. The entrapment efficiency of 0.5 R/CL (71.64%) was higher than the entrapment efficiency of 0.5 Q/CL (59.64%). Correspond to this result, rutin (0.5 R/CL; 34.86%) showed higher skin permeability than quercetin (0.5 Q/CL; 28.63%), and cationic liposomes was higher than conventional liposome and PB. However, The cellular protective effect of 0.5 Q/CL (81.37%) was greater than 0.5 R/CL (69.43%) and the non-treated group (64.22%). These results indicate that cationic liposomes provide enhanced delivery of flavonoids (quercetin and rutin) into the skin and may be used for antiaging and antioxidant cosmetics.
